The embodiments of the invention in which an exclusive property or privilege is 
claimed are defined as follows: 

1 . A rugged resonator for a laser, the resonator comprising: 

a laser pump housing assembly, the laser pump housing assembly including: 
a laser pump housing; and 

a laser gain medium suitably mounted onto the laser pump housing, the 
laser gain medium having a first and a second end; 
a resonator assembly, the resonator assembly configured to receive and hold the 
laser pump housing, the resonator including: 

at least four mirrors, a first, a second, a third, and a fourth mirror, the first 
mirror being configured to receive a first incident laser beam fi*om the 
first end and to reflect a first reflected beam to strike the third mirror, 
the second mirror configured to receive a second incident laser beam 
fi-om the second end and to reflect a second reflected beam to intersect 
the first reflected beam and to strike the fourth mirror; and 
an intra-cavity optics plate assembly, the plate including: 
an intra-cavity optics plate; 

an optical coupler, affixed to the optics plate and configured to receive a 

laser beam reflected by the third mirror; and 
a high reflector, affixed to the optics plate and configured to receive a 

laser beam reflected by the fourth mirror. 

2. The resonator for a laser of Claim 1, wherein the first reflected beam intersects the 
second reflected beam. 
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3. The resonator for a laser of Claim 1, wherein the intra-cavity optics plate is 
configured as a mechanical coupling between the optical coupler and the high reflector. 

4. The resonator for a laser of Claim 1 further comprising an etalon affixed to the 
optics plate and configured to intercept the third reflected beam. 

5 5. The resonator for a laser of Claim 1 fiirther comprising a Brewster plate affixed to 
the optics plate and configured to intercept the third reflected beam. 

6. The resonator for a laser of Claim 1 further comprising tuming optics affixed to the 
optics plate and configured to intercept the third reflected beam. 

7. The resonator for a laser of Claim 1, wherein at least one of the mirrors is 
1 0 configured to admit a pumping radiation. 

8. The resonator for a laser of Claim 1, wherein the resonator assembly further 
includes an X-fold housing configured to receive and hold the mirrors in fixed relation. 

9. The resonator for a laser of Claim 8, wherein the housing includes a monolithic 
block of material 

15 10. The resonator for a laser of Claim 9, wherein the material is a low expansion 
material. 

1 1 . The resonator for a laser of Claim 1 0, wherein the material is a glass ceramic. 

12. The resonator for a laser of Claim 1, wherein the material is selected from a group 
consisting of Zerodur, BK-7, and fused silica. 

20 13. The resonator for a laser of Claim 1, wherein the resonator is further configured for 
use in a lidar. 

Black Lowe & Graham 

'-^ C O 1 r- '^^^ ^^^^^'^ Avenue, Suite 4800 

ZjJlJ HOOO.1-6403AP Washingion 98 104 

PATCNT TRADEMARK OFFICE 206.381 .3300 • F: 206.38! .3301 



14. The resonator for a laser of Claim 13, Wherein the Lidar is a part of a clear air 
turbulence indication system. 

15. The resonator for a laser of Claim 1, wherein the resonator is further configured for 
use in a target illumination laser. 

5 16. An intra-cavity optics plate assembly for components of a laser resonator cavity, the 
plate including: 

an intra-cavity optics plate; 

an optical coupler, affixed to the optics plate and configured to receive a first 
beam from a first end of a laser gain medium; and 
10 a high reflector, affixed to the optics plate and configured to receive a second 

beam from a second end of the laser gain medium. 

17. The intra-cavity optics plate assembly of Claim 16, wherein the intra-cavity optics 
plate is configured as a mechanical coupling between the optical coupler and the high 
reflector. 

15 18. The intra-cavity optics plate assembly of Claim 16, further comprising an etalon 

affixed to the optics plate and configured to intercept the third reflected beam. 

19. The intra-cavity optics plate assembly of Claim 16, further comprising a Brewster 
plate affixed to the optics plate. 

20. The intra-cavity optics plate assembly of Claim 16, further comprising turning 
20 optics affixed to the optics plate and configured to intercept the third reflected beam. 

21. An X-fold resonator assembly, the resonator assembly configured to receive and 
hold the laser pimip housing including a laser gain medimn having a first and a second end, 
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the X-fold and further configured to receive' and hdld an optics plate assembly, the resonator 
assembly including: 

a first mirror, the first mirror being configured to reflect a first laser beam fi-om 
the first end; 

5 a second mirror, the second mirror configured to reflect a second laser beam firom 

the second end to intersect the first laser beam: 
a third mirror, and third mirror configured to reflect the first laser beam fi*om the 

first mirror to the optics plate assembly; and 
a fourth mirror, and third mirror configured to reflect the second beam fi-om the 
10 second mirror and to the optics plate assembly. 

22. The X-fold resonator assembly of Claim 21, wherein the X-fold resonator assembly 
further includes an X-fold housing configured to receive and hold the mirrors in fixed 
relation. 

23. The X-fold resonator assembly of Claim 21, wherein the X-fold housing includes a 
1 5 monolithic block of material. 

24. The X-fold resonator assembly of Claim 21, wherein the X-fold housing fused 
materials. 

25. The X-fold resonator assembly of Claim 21, wherein the material is a low 
expansion material 

20 26. The X-fold resonator assembly of Claim 2 1 , wherein the material is a glass ceramic. 

27. The X-fold resonator assembly of Claim 21, wherein the material is selected from a 
group consisting of Zerodur, BK-7 and fused silica. 
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28. The X-fold resonator assembly of Claim 21, wherein at least one of the mirrors is 
configured to admit a pumping radiation. 

29. The X-fold resonator assembly of Claim 21, wherein the laser pump housing is 
configured to admit a pumping radiation. 

30. A method for constructing an X-fold optical resonator assembly; the method 
comprising: 

forming a blank for boring defining a first receptacle for a laser gain medium and 
a second receptacle for an optics plate assembly and having a peripheral 
surface; 

boring a first optical path firom a site for a first mirror on the peripheral surface of 

the blank to the first receptacle; 
boring a second optical path from the site for a second mirror on the peripheral 

surface of the blank to the first receptacle; 
boring a third optical path fi-om the site of the first mirror on the peripheral 

surface of the blank to the site of a third mirror on the peripheral surface of the 

blank; 

boring a fourth optical path fi-om the site of the second mirror on the peripheral 
surface of blank to the site of the fourth mirror on the peripheral surface of 
blank, the fourth optical path intersecting the third optical path at an angle; 

boring a fifth optical path firom the site of the third mirror on the peripheral 
surface of the blank to the second receptacle; 

boring a sixth optical path fi-om the site of the fourth mirror on the peripheral 
surface of the blank to the second receptacle. 
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31. The method of Claim 30, wherein the first, second, third, fourth, fifth, and sixth 
optical paths are coplanar. 

32. The method of Claim 30, wherein the first and second paths are coUinear. 

33. The method of Claim 30, wherein the first and second paths are bored with a single 
5 stroke. 

34. The method of Claim 30, wherein the fifth and sixth paths are coUinear. 

35. The method of Claim 30, wherein the fifth and sixth paths are bored with a single 
stroke. 

36. The method of Claim 30, wherein the blank is a monolithic block formed of a rigid 
10 material. 

37. The method of Claim 30, wherein the material is a low expansion material 

38. The method of Claim 30, wherein the material is a glass ceramic. 

39. The method of Claim 30, wherein the material is selected fi^om a group consisting 
of Zerodur, BK-7, and fiised silica. 

15 40. A method for resonating a beam from a laser gain medium, the method comprising: 
receiving a first beam fi-om a first end of the laser gain medium, the receiving a 
first beam including: 

reflecting the first beam fi-om a first mirror to a second mirror; 
reflecting the first beam fi-om the second mirror to a high reflector, the 
20 second reflector generally perpendicular to the first beam; and 
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receiving a second beam from a first end of the laser gain medium, the receiving 
the second beam including: 

reflecting the second beam from a third mirror to a fourth mirror, the 
second beam intersecting the first beam between the first and second 
5 mirrors; and 

reflecting the second beam from the fourth mirror to a optical coupler, the 
optical coupler generally perpendicular to the second beam. 

41. The method of Claim 40, wherein the high reflector and the optical coupler are 
mechanically coupled. 

10 42. The method of Claim 42, wherein the high reflector and the optical coupler are 
mechanically coupled to precision optical components. 

43. The method of Claim 43, wherein the precision optical components includes a porro 
prism. 

44. The method of Claim 43, wherein the precision optical components includes a 
15 Brewster plate. 

45. The method of Claim 43, wherein the precision optical components includes a 
quarter-wavelength plate. 

46. The method of Claim 43, wherein the precision optical components includes a 
half-wavelength plate. 

20 47, The method of Claim 43, wherein the precision optical components includes a 
polarizer. 



48. The method of Claim 4 1 , further comprising: 
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directing the output of the optical couplet to a LIDAR transceiver section. 

49. The method of Claim 41, further comprising: 

directing the output of the optical coupler to a clear air turbulence indicator. 

50. The method of Claim 4 1 , further comprising: 

directing the output of the optical coupler to a target illumination system. 

5 1 . The method of Claim 4 1 , further comprising: 

receiving a pumping radiation at the first mirror, the first mirror being configured 
to admit a pumping radiation, 

52. The method of Claim 41, further comprising: 

receiving a pumping radiation at the second mirror, the second mirror being 
configured to admit a pumping radiation. 

53. The method of Claim 41 , further comprising: 

receiving a pumping radiation at the third mirror, the third mirror being 
configured to admit a pumping radiation, (not very likely, path too long) 

54. The method of Claim 41, further comprising: 

receiving a pumping radiation at the fourth mirror, the fourth mirror being 
configured to admit a pumping radiation, (not very likely, path too long) 
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